Inositol phospholipids (IPL) from epimastigote forms of Trypanosoma cruzi have been investigated by metabolic labelling with [3H]palmitic acid and by GLC-MS analysis of the lipids obtained from non-labelled parasites. The IPL fraction was separated into phosphatidylinositol (PI) and inositol-phosphoceramide subfractions, the latter accounting for 80-85 % of the total IPL. The neutral lipids released from the IPLs by PI-specific phospholipase C (PI-PLC) from Bacillus thuringiensis were analysed by silica-gel and reverse-phase TLC for the radioactive lipids and by GLC-MS for the non-radioactive samples. Ceramides containing dihydrosphingosine and sphingosine with C16:0
INTRODUCTION
Phospholipids are essential components of plasma membranes of eukaryotes. Phosphatidylcholine, phosphatidylethanolamine and phosphatidylinositol (PI) are the major classes found in T. cruzi epimastigote forms [1] . In particular, inositol phospholipids (IPL) are the precursors of the glycosyl-phosphatidylinositol (GPI) anchors of membrane glycoproteins. This type of anchorage is particularly frequent in parasitic protozoa [2] . It is believed that some of these glycoproteins in T. cruzi are involved in the infectious process [3, 4] .
The biosynthetic pathway has been well elucidated for the GPI of the variant surface glycoprotein of T. brucei. A glycero- Epimastigote: GIPLs [10] , LPPG [7] [8] [9] . Metacyclic: 1G7 [32, 16] , mucins [17] . Copy numbers per cell are indicated when they were reported. The shaded area represents an oligosaccharide. and C18:0 fatty acids were identified. The main component in the [3H]palnitic acid-labelled ceramides was palmitoyldihydrosphingosine, while in the non-labelled sample the ceramides contained mainly sphingosine. This could reflect partial uptake ofphospholipid from the medium. The PI contain both alkylacyland diacyl-glycerol lipids, with the ether lipid being more abundant. The latter was identified as 1-O-hexadecylglycerol esterified by C18.2 and C18.1 fatty cids. Interestingly, the same lipid had been identified in the anchor of the 1G7 glycoprotein of T. cruzi metacyclic forms.
phospholipid containing stearic acid in the sn-I position and a mixture of fatty acids at sn-2 [5] is the acceptor for the construction of ethanolamine phosphate Manal-2Manal-6Manl-4GlcNal-6-PI ('EtNPMan3-GlcN-PI '). Interestingly, this glycolipid undergoes a series of fatty acid remodelling to give dimyristoylglycerol as the lipid moiety [6] .
Free glyco-inositol phospholipids (GIPLs) with GPI anchorlike structures have been also characterized in other parasites. The best known are the lipopeptidophosphoglycan (LPPG) of T. cruzi [7, 8] and the GIPLs of Leishmania spp. [2] . While the lipid in Leishmania is an alkylacylphosphatidylinositol, a ceramide phosphoinositol has been characterized in LPPG [9] . However, the structure ofthe lipid component is developmentally regulated, as we have concomitantly found hexadecylpalmitoylglycerol or ceramide linked to the same glycan structure in cells collected at the exponential phase of growth (2 days) [10] . Also, ceramidecontaining GIPLs have been found in the trypanosomatids, Leptomonas samueli [11] , Endotrypanum [12] and Herpetomonas samuelpessoai [13] . In yeast the GPI anchor of glycoproteins is heterogeneous, and ceramide or a glycerolipid can be found. However, most mature proteins are anchored by a ceramidecontaining GPI [14, 15] .
In Trypanosoma cruzi, hexadecyl-2-0-acylglycerol is present in the anchor of the 1G7 glycoprotein of metacyclic forms [16] . Also, the mucin-like glycoproteins, which are the major acceptors of sialic acid in T. cruzi metacyclic forms, are anchored by an alkylacylglycerolipid [17] .
Hexadecylpalmitoylglycerol was found in the mucins of epimastigotes (C. Lima and R. M. de Lederkremer, unpublished work) . In trypomastigote forms, 1-O-hexadecylglycerol is the lipid moiety in the anchor of the Tc85 glycoprotein [3] involved in host-cell invasion [18] . Unlike Tc85 isolated from the parasite lysate, shed Tc85 has an acylinositol-modified GPI anchor (G. Abuin, A. S. Couto Figure 1 .
Inhibition of membrane anchorage in the parasite is an attractive approach for chemotherapy. Contribution in this direction is the knowledge of the structure and biosynthesis of the IPL.
In the present work we analyse the molecular species of IPL that are available for the construction of the GIPLs. The aqueous phase that remained after treatment of the IPL with PI-PLC and diethyl ether extraction was hydrolysed with Preparation of alkylacylglycerol standards All the following experiments were performed with the cells of 2 days. A partial purification in fractions 1 and 2 (Fr 1 and Fr 2) was obtained by silicic acid column chromatography (Figure 2b) . The general structure of IPL was confirmed by hydrolysis with Pl-PLC. Practically all the radioactivity was extracted with diethyl ether after enzymic digestion. It was previously shown [9] that the enzyme from B. thuringiensis degrades ceramide-containing GIPLs as well as GIPLs with acyl-or alkyl-glycerol. Analysis by TLC with solvent B (Figure 3a) showed that Fr 2 gave a lipid with the RF of a ceramide standard, while a component (Figure 3b ). Accordingly, Fr 2 was not altered under saponification conditions. In contrast, Fr 1 gave a component with a lower RF and the fatty acid in solvent A (results not shown).
Identification of inositol phosphoceramides (IPCs)
To confirm that the lipid of Fr 2 was a ceramide, acid methanolysis was performed and the products were analysed by TLC (Figure 4a ) and RPTLC (Figure 4b) . Dihydrosphingosine was the main base, detected together with a minor amount of sphingosine. The methyl ester of the fatty acid was also detected.
The RPTLC showed the C16.0 fatty acid with a trace of the C18:0 fatty acid. Moreover, the ceramides released by PI-PLC were resolved into four bands by RPTLC in solvent E ( Figure 5 ). The main components are the ceramides of the saturated long-chain base dihydrosphingosine with palmitic acid and stearic acid respectively. Minor spots corresponding to palmitoylsphingosine and probably stearoylsphingosine were detected (Figure 5a ). When the two bands of Fr 2 ( Figure 2b) were separately eluted from the plate and respectively hydrolysed with PI-PLC, the upper band gave the dihydrosphingosine ceramides and the lower band afforded mainly the sphingosine ceramides ( Figure  Sb) .
The IPL were also obtained from non-labelled epimastigotes by separation on DEAE-Sephadex followed by silicic acid column chromatography. The ceramides were released from the IPC fraction by PI-PLC digestion and extraction with diethyl ether. They could be analysed as the trimethylsilyl derivatives by GLC using a short capillary column (12 m) and condition b ( Figure 6 ). The same ceramides, palmitoylsphingosine ( [25] It was reported [1] that PI constitutes about 12 % of the total phospholipids in T. cruzi. The DAG-containing IPL of epimastigote cells have been described as being responsible for an inositol phosphate/DAG signalling pathway [26] . In the present paper we prove that the DAG glycerolipids are the minor components in the pool of IPL with the AAG lipids being more abundant. Dialkylglycerol PI were not found. Dialkyl species have been described in Leishmania mexicana mexicana [27] , but they were not found in T. brucei [28] .
We have to consider that phospholipase C also cleaves the lipid from ceramidephosphoinositol, although it is not known if the T. cruzi PLC [29] would act on these compounds. In this respect, sphingolipid breakdown products play an important role in cellular regulation [30] . There are few reports on the IPC in protozoa.
Phosphoinositol lipids with ceramide have been identified in Leishmania spp. In Leishmania donovani [31] the fatty acids were mainly C16:0 and C18:09 like those in the T.cruzi IPC, and the C16 and C18 sphingosines and dihydrosphingosines were the predominant long-chain bases. In L. m. mexicana the predominant ceramide had the C16:lbase and the minor component the C16:0 base. In both the fatty acid was stearic acid [27] . Only the C18 long-chain bases were found in T. cruzi. GLC-MS of the ceramides released by PI-PLC indicated that the major ceramide (52 %) contained the common C18 sphingosine and the C16:0 fatty acid. This was also found for L. donovani [31] .
The alkylacyl species, namely l-O-hexadecyl-2-0-acylglycerol with C18:2 and C18:1 as the ester fatty acids are preponderant in the PI molecules. In contrast, in bloodstream and procyclic forms of T. brucei, PI is composed mainly of diacylglycerol, although a ceramidephosphoinositol was tentatively identified by its chromatographic behaviour [28] .
In agreement, the 1-0-hexadecyl-2-0-acylglycerol with C18:0' Tc85 glycoprotein of the infective trypomastigotes the lysoalkylglycerol was detected [3] , but probably the precursor is the acylated lipid. l-O-Hexadecyl-2-0-palmitoylglycerol was characterized in the mucin-like glycoproteins of metacyclic forms [17] and of epimastigotes (C. Lima and R. M. de Lederkremer, unpublished work) and in a GIPL [10] . Probably a remodelling, as occurs in T. brucei [6] , takes place for the exchange of the fatty acid in the precursor PI. So T. cruzi, an IPC has only been found in the LPPG ofepimastigote forms [7] [8] [9] .
In yeast, the lipid moiety of most GPI anchors are ceramides, different from those found in the pool of IPCs [15] . In addition, it was reported that the ceramide is introduced in the GPI by a remodelling step, after addition to the protein [33] .
It will be interesting to determine whether, in T. cruzi, the PI could be a precursor for the IPC by transfer of the polar head group from PI to ceramide, as reported for Saccharomyces cerevisiae [34] , or if a remodelling step takes place on the whole GIPL. Interestingly, we have characterized in T. cruzi epimastigotes an LPPG-like GIPL with l-O-hexadecylpalmitoylglycerol instead of a ceramide [10] .
